Additional Factors Affecting the Species

“Pacific Northwest salmon are subject to a world of multiple stresses, including human
impacts on streamflows and salmon habitat. Climate change adds another dimension to,
and in many cases exacerbates, these stresses.”

The Climate Impacts Group at the University of Washington (2004

In addition to the “H factors” of habitat, harvest and hatcheries, Puget Sound Chinook and Coastal-Puget
Sound bull trout are affected by regional and global factors such as climate change and fluctuating ocean condi-
tions. Although it is clear that these factors directly affect salmon and bull trout, scientists are only beginning to
unravel the secrets of how these processes impact the food chain, precipitation and snowpack, and other habitat
features. Temperature conditions and ocean cycles affect migration and the abundance of predators, and are
essential in the production of the minute organisms that provide the food supply for salmon and bull trout to
grow and flourish.

At the other end of the food chain, salmon and bull trout are part of the food supply for several species of
marine mammals. The population size and feeding habits of these opportunistic predators may also have a
substantial effect on salmon and bull trout populations, particularly where human modifications and structures
make it easy for them to target specific salmon runs. However, specific information about the extent of preda-
tion by marine mammals on particular species or populations of salmon is largely unknown.

These three factors - climate change, ocean conditions, and marine mammal interactions are the focus of
considerable research related to their effects on salmon and other species of fish. A lengthy discussion of these
factors is not possible in the Puget Sound Chinook recovery plan, thus these factors are described here in terms
of a brief description of research findings and sources of additional information. Although the residents of Puget
Sound may not have direct influence over climate change, ocean conditions or marine mammal populations,
several of the adaptive strategies suggested by the scientific community stress the need to ensure that local hab-
itat conditions are protected and restored as a buffer against the coming changes, and that harvest and hatchery
management consider these long term factors in their decision-making.

Climate Change in the Pacific Northwest

Data collected during the 20th century revealed widespread increases in average annual temperature and
precipitation, and decreases in the April 1 snow water equivalent. Snow water equivalent is a common mea-
surement for the amount of water contained in snowpack and is an important indicator for forecasting summer
water supplies. 1990-2000 was the warmest decade on record, and was warmer than any other decade by
0.9°F (CIG, 2004).

Long term models for climate change in the 21st century show evidence of trends including, “region-wide
warming, increased precipitation, declining snowpack, earlier spring runoff, and declining trends in summer
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Indicator Observed 20* century changes

Projected mid 21% century changes

Temperature Region-wide warming of about 1.5°F (1920-2000)

+ 2020s: average increase of 2.7°F
* 2040s: average increase of 4.1°F

Precipitation Region-wide increase in precipitation since 1920

Uncertain, although most models project wetter winters and drier summers.

Continued decrease in April 1 snowpack in mid and low elevation basins.
Projected decrease in April 1 snowpack for the Cascades Mountains in

River watershed (WA) as a fraction of annual flows have
decreased 34% since 1946.

. . . ) o .
?ﬁg\lld ack gglt;stwagtg(l)gefcel‘le:es (>30%) at most monitoring staions Washington and Oregon relative to 20" century climate:
P ' « -449% by the decade of the 2020s (based on +3°F avg. temp change)
* -58% by the decade of the 2040s (based on +4.5°F avg temp change)
Timing of — . .
; Advanced 10-30 days earlier into the spring season during . .
Fuerfg;prmg the last 50 years, with greatest trends in the PNW Earlier peak spring runoff expected on the order of 4-6 weeks
E;Crllwrglneg' in sensitive PNW basins. Continued and more wide-spread declines.
Summer . ) . Example:
streamflow May-Sept inflows into Chester Morse Lake in the Cedar April-Sept natural streamflow in the Cedar River (WA) projected to decrease

35% by the 2040s (based on a 2.5°F increase in average temperature.

streamflow!” (CIG, 2004) Most of the models
predict warmer, wetter winters and warmer, drier
summers for the Pacific Northwest. Figure 3.33
contains a summary of the observed and projected
impacts of climate change relevant to salmon and
bull trout populations.

Salmon and bull trout have lived in the Pacific
Northwest for millions of years. As different species
and populations of salmon have developed over
time, they have acquired specific behaviors for their
migration, rearing and spawning life cycles that are
attuned to temperature and streamflow. This com-
plex life cycle makes it difficult to predict how they
will react to climate changes, and their response
will also vary depending on the habitat conditions
in a particular river system and estuary. Changes
in temperatures away from optimal conditions can
influence salmon and bull trout in each of their life
stages. Even a small increase in temperature can
change migration timing, reduce growth, reduce
the supply of available oxygen in the water, and
increase the susceptibility of fish to toxins, parasites
and disease. The increase in stream temperatures
can also contribute to a reduction in the preferred
species of insects that are used for food (NWF,
2005). Earlier spring runoff and lower summer
flows may make it difficult for returning adult salm-
on to negotiate obstacles. Excessively high levels
of winter flooding can scour eggs from their nests
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in the streambeds and increase mortalities among
overwintering juvenile salmon and bull trout.

Adaptive strategies to cope with the projected
changes largely focus on the need to maintain
salmon and bull trout populations through conser-
vation and restoration of freshwater and estuarine
habitat. Additionally, it has been recommended
that harvest and hatchery managers pay particular
attention to the time lag associated with impacts of
natural variability in one season on the viability of
populations in successive seasons. For example,
productivity may decline following drought condi-
tions and should be factored into hatchery produc-
tion targets and harvest regimes; similar issues are
already being considered during technical planning
forums for harvest.

The predicted increased winter flooding, de-
creased summer and fall streamflows, and elevated
warm season temperatures in the streams and
estuaries are likely to further degrade conditions for
salmon that are already stressed from habitat deg-
radation. Although the impacts of global climate
change are less clear in the ocean environment,
early modeling efforts suggest that, “warmer tem-
peratures are likely to increase ocean stratification,
which in the past has coincided with relatively poor
ocean habitat for most Pacific Northwest salmon,
herring, anchovies, and smelt populations.”

(CIG, 2004)
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Ocean Conditions

Ocean conditions influence Chinook population
abundance, distribution and survival in the marine
environment. A number of studies have indicated
that salmon survival during the first few months
at sea is linked to ocean conditions such as sea
surface temperature and salinity. This critical period
of climatic influence on their survival occurs largely
in coastal and estuarine environments. (Francis and
Mantua, 1996; NMFS, 1998) Large-scale weather
patterns affect food supplies, predator distribution
and abundance, and migratory patterns for Chinook
salmon. Climatic conditions can change the prevail-
ing currents and the associated ocean productivity
from nutrient-rich cold waters. The shifting currents,
named either “El Nino” or “La Nina,” can produce
widely varied cycles of productivity. (NMFS, 1998)

Scientists utilize several indices to look at the
changes in ocean conditions, particularly with
respect to temperatures and wind patterns. The
Pacific Decadal Oscillation (PDO) and the El Nino/
Southern Oscillation (ENSO) are cycles that appear
to have significant influence on salmon survival and
migratory patterns. During El Nino and/or warm
phase PDO cycles, higher Pacific Ocean tempera-
tures and changes in wind patterns may reduce the
upwelling of nutrients from the ocean floor, thereby
affecting the entire food web in the Pacific. Wind-
driven mixing replenishes nutrients to rich surface
waters where phytoplankton occur, thereby promot-
ing biological productivity at the base of the food
chain and working its way up to salmon and other
species of fish (NWF, 2005).

Comparisons of climate patterns with the levels
of fisheries harvest in the northeast Pacific appear
to show a relationship between these large scale
changes and several salmon populations (Francis
and Mantua, 1996; NMFS, 1998). As scientific
understanding of these processes has improved,
fisheries managers have started to utilize informa-
tion on favorable or unfavorable ocean conditions
in their harvest planning forums (NWF, 2005).
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"Anadromous salmonids have managed to
persist in the face of numerous climatic events
and changes. The long term persistence of
Chinook salmon populations depends on their
ability to withstand fluctuations in environmental
conditions. It is apparent that the combina-
tion of tremendous freshwater habitat loss, and
extremely small anadromous salmonid popula-
tions has caused these fish to be more vulner-
able to extirpation arising from natural events.
Until salmonid populations reached their recent
critical levels, these environmental conditions
largely went unnoticed. Therefore, it would seem
that environmental events and their impacts on
remaining salmonid populations may become
a more significant factor for decline as unstable
Chinook salmon populations reach particularly
low levels.” (NMFS, 1998)

Marine Mammal Interactions

Several species of marine mammals prey on
salmonid populations in the Pacific Northwest
including California sea lions (Zalophus califor-
nianus), Pacific harbor seals (Phoca vitulina) and
killer whales (Orcinus orca). Due to the depressed
status of many salmon populations, the presence of
marine mammals concurrent with salmon migration
has been identified as a concern, but the limitations
in available data make it difficult to determine the
extent of impact.

California Sea Lions and Pacific Harbor Seals

In the 1994 Amendments to the Marine Mam-
mal Protection Act, Congress directed that a
scientific study be conducted to determine whether
California sea lions and Pacific harbor seals are
having an impact on threatened and endangered
populations of salmon on the West Coast of the
United States. A working group was formed by
NMFS and submitted a report to Congress in 1997,
entitled, “Impacts of California Sea Lions and Pacific
Harbor Seals on Salmonids and on the Coastal
Ecosystems of Washington, Oregon and California.”
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The report indicated that sea lion and harbor seal
populations are increasing and interactions with
West Coast fisheries are on the rise. The working
group could not determine if these species were
having a significant negative impact on any specific
wild salmonid population, with the exception of
documented impacts to the winter steelhead popu-
lation that migrates through the Ballard Locks in
Seattle. The study identified the geographic areas
of greatest concern in each state, along with the
elements of a research program to assess impacts
(NMFS, 1997).

The population of California sea lions has been
increasing at an annual rate of about 5% per year
since the mid-1970s and their numbers were esti-
mated to be more than 161,000 off of Washington,
Oregon and California in 1994. Although they
breed and pup in southern California, male sea
lions migrate northerly along the West Coast from
September to May, coinciding with the migration of
several depressed runs of salmon. Pacific harbor
seals in the three states have been increasing at a
rate of about 5-7% annually since the mid-1970s
and the population in Washington State was esti-
mated to be 34,134 in 1993-1995.

Harbor seals are present year round in western
Washington, and California sea lions are present in
the fall, winter and spring. The geographic areas of
concern for interaction between California sea lions
and Pacific harbor seals with threatened salmonid
populations identified by the NMFS Working Group
included the following:

= Strait of Juan de Fuca/San Juan Island: The
Working Group expressed concern for preda-
tion on juvenile and adult Chinook salmon and
summer chum salmon in this area, particularly
in Discovery and Sequim Bays.

= Hood Canal: The Working Group indicated
that juvenile migration patterns in this region
make them less vulnerable to predation. How-
ever, predation on adult salmon, particularly
summer chum, was flagged as a concern.
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= Northeastern Puget Sound Bays (Bellingham
Bay, Skagit Bay): Harbor seals are present
year round and juvenile salmon are vulner-
able to predation during outmigration. During
April-to-June, both juvenile and adult salmon
from threatened populations are present and
subject to predation. California sea lions are
not considered to be a threat due to their low
abundance in these areas.

= Puget Sound: Harbor seals are present year-
round and California sea lions are present in
the fall, winter and spring. Both species have
been observed upriver for several miles in
many rivers draining into Puget Sound. “More
than 1,000 California sea lions, which occur
seasonally near the mouth of the Snohomish
River, have been observed 8-10 miles upriver
and prey on free-swimming salmonids in the
estuary. As many as 300 harbor seals haul-out
on log booms near the mouth of the Snohom-
ish River in fall and winter and have been
reported 15-20 miles upriver....In the Nisqually,
both seals and sea lions are common at the
mouth; sea lions have been observed preying
on free-swimming salmonids and have been
observed as far as 40 miles upriver”” (NMFS,
1997) The Working Group also reported
observed predation in the Green River, Ballard
Locks, Lake Washington and the White River.
Overall concemn was expressed for predation
on adult and juvenile Chinook and other sal-
monid species.

Despite these observations, the Working Group
noted that not all of the observed marine mammals
near an active salmon run are actively feeding on
salmonids. Several studies in the U.S. and Canada
indicate that most predation was attributable to a
small percentage of the observed population of
marine mammals, suggesting that removal would
not be an effective solution in many areas. The
Working Group described several measures of
harassment to deter marine mammals from fish
predation and fishing gear.
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The complexity of ecosystem level impacts
and the limited amount of information has made
it difficult to accurately estimate the amount of
biomass consumed by California sea lions and
harbor seals. Overall, the Working Group estimated
total consumption of about 217,400 metric tons
by sea lions and seals in Washington, Oregon and
California and found that it was almost half of what
had been cumulatively harvested in multi-species
commercial fisheries. Estimates of the proportion
of that consumption on individual species could not
be made. Limited studies in Everett, WA demon-
strated that the most frequent prey were Pacific
whiting and Pacific herring. Based on scat samples,
salmonid remains were found in 2% of the harbor
seal samples and 15% of those of the sea lions.

Killer Whales

NMFS has prepared a preliminary draft Conser-
vation Plan for Southern Resident Killer Whales
(NMFS, 2005) describing characteristics of the
three pods that reside for part of the year in the
inland waterways of the Strait of Georgia, Strait of
Juan de Fuca and Puget Sound, primarily during
the spring summer and fall. In the description of
the diet and forage behavior of the whales, NMFS
has indicated that killer whales forage on a variety
of marine species ranging from squid, sea turtles,
marine mammals, penguins and other seabirds,
to several species of fish including herring, tuna,
rays, sharks, bottom fish and salmon. Fish are the
major dietary component of resident killer whales
in the northeastern Pacific. Most of the informa-
tion about killer whale consumption comes from
the analysis of stomach contents from whales that
were stranded or those killed during commercial
whaling operations. A few studies utilizing direct
observations of feeding behavior have added new
data in recent years. Preliminary data, primarily
from a single study in British Columbia with several
data limitations, indicated that salmon were found
to represent 96% of the prey during the spring,
summer and fall.

126

“Chinook salmon were selected over other
species, comprising 65% of the salmonids taken.
This preference occurred despite the much lower
numerical abundance of Chinook in the study area
in comparison to other salmonids, and is probably
related to the species’ large size, high fat and en-
ergy content, ... and year-round occurrence in the
area.” (NMFS, 2005)

Based on estimates of food requirements and av-
erage size values for combined species of salmon,
it is thought that adult killer whales may consume
about 28-34 adult salmon daily and that younger
whales (<13 years of age) need 15-17 salmon dai-
ly to maintain their energy requirements. Although
these numbers cumulatively add up to substantial
quantities, the impact of killer whale consumption
to any particular species is generally unknown, let
alone the impact to specific populations of Chinook
in Puget Sound.

The relationship of salmon to large-scale factors
in the larger ecosystem is the subject for further
study, and points to the need to retain viable
populations that fulfill existing and future ecosystem
functions.

“Long ago my wife and | made a personal com-
mitment to accept salmon as a teacher. It's taken
us to a lot of places... Salmon can teach us where
in the world we belong and what our responsibili-
ties are.”

Tom Jay, Chimacum Creek volunteer and artist
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